Although the prognostic role of neutrophil-lymphocyte ratio (NLR) has been confirmed in a variety of tumors, the prognostic role of NLR in pancreatic neuroendocrine tumors (PNETs) has not been examined. The present study was performed to assess the role of NLR as a prognostic factor in patients with PNETs. Clinical data were retrospectively retrieved from a single institution. The best cut-off value for baseline NLR levels was determined by the receiver operating characteristic (ROC) curve and area under the ROC curve. The primary event was overall survival and event times were assessed by the Kaplan-Meier method. Potential factors associated with the elevation of NLR in PNETs were examined. A total of 165 consecutive patients with pathologically confirmed PNETs were included in this study. The cutoff value of NLR was 2.4 by ROC curve (area under ROC curve, 0.70). NLR >2.4 was found to be a poor prognostic factor in the univariate and multivariate analyses. Patients with a NLR value >2.4 had a higher proportion of tumor size at >3 cm (P= 0.001), TNM stage III or IV (P= 0.019), and G2/G3 (P= 0.003). We concluded that NLR is an independent predictor of overall survival for patients with PNETs. Aberrant elevation of NLR identifies high-risk patients with aggressive characteristics.
Introduction
Pancreatic neuroendocrine tumors (PNETs) are rare but clinical important tumors with an incidence of approximately 1 in 100,000 of the population, accounting for 1-2% of all pancreatic tumors in incidence and 10% in prevalence (1) (2) (3) (4) . They are broadly categorized as functioning or non-functioning tumors based on their clinical manifestation (5) . Unlike functioning neoplasms, non-functioning PNETs are often detected at an advanced stage due to the lack of specific symptoms (6) . PNETs are highly heterogeneous neoplasms presenting a spectrum of biologic behavior (7, 8) . Aggressive progression can even be observed in incidentally detected and small tumors (9) . Potential prognostic factors, including mitoses, vascular invasion, metastasis, necrosis, Ki-67 expression, and nuclear grade, are mostly based on pathological examination (2, 3, 10, 11) . Therefore, circulating biomarkers are needed to predict their malignant behavior and prognosis.
Neutrophil-lymphocyte ratio (NLR) is derived from the absolute neutrophil count divided by the absolute lymphocyte count and is a routinely used, reliable, and convenient marker (12) . It is an index of systemic inflammation, which is a common phenomenon and prognostic determinant of cancer (12) . In recent years, increasing evidence has demonstrated the role of NLR in evaluating treatment response and predicting prognosis in various types of cancer (13) (14) (15) (16) (17) . For example, in pancreatic adenocarcinoma, NLR may be used to assess survival in unselected cohorts, patients with advanced diseases treated with chemotherapy, and patients undergoing curative surgery (13) (14) (15) (16) . In addition, NLR was statistically significantly associated with tumor stage, differentiation, performance status, CA19-9, C-reactive protein, and albumin levels in pancreatic adenocarcinoma (16) . However, the prognostic role of NLR in PNETs has not been evaluated.
The present study was performed to examine the role of blood NLR as a prognostic factor in a large cohort of patients with PNETs. Potential clinicopathological factors associated with the abnormal elevation of NLR in PNETs were also evaluated. 
Materials and methods

Patients
Results
Patients data and survival analysis.
A total of 165 consecutive patients with pathologically confirmed PNETs were included in the present study (Table I ). The median age was 52, with 58.2% of patients having an age >50. More than 50% of patients were female, with a female-to-male ratio of 1.2:1. A total of 68 patients (41.2%) had tumors located at the head of the pancreas and 97 patients (58.8%) at the body, or tail of the pancreas, or whole pancreas. The median size was 4 cm, with >60% of cases having tumors >3 cm in diameter. More than 60% of patients had stage I or II tumors. Nearly 50% of the patients had G1 tumors (G1 46.3%, G2 42.6%, G3 11.0%) and 18 patients (10.9%) had functioning diseases. Nearly half of the patients (47.3%) had PNETs with symptoms. The cut-off value of NLR as a prognostic predictor of patients with PNETs was 2.4 by ROC curve (area under ROC curve, 0.70, sensitivity 71.4%, specificity 76.5%, Fig. 1) , with 28.5% of patients having NLR levels higher than the selected cut-off value. Sixty-five patients were followed up <18 months and 1 patient had perioperative death and 10 patients were lost to follow-up (10/165, 6.1%), leaving 89 patients for the survival analysis. The univariate analysis, TNM stage III or IV (HR=14.33, P<0.01), NLR >2.4 (HR=7.15, P=0.003), G3 diseases (HR=17.82, P<0.01), and incidental PNETs (HR= 0.27, P= 0.006) were prognostic factors for patients' overall survival, whereas gender, age, tumor size, and location were not statistically significantly associated with overall survival (Table II; Fig. 2 ). In the multivariate analysis, TNM stage III or IV (HR= 6.70, P= 0.001), NLR >2.4 (HR=3.60, P= 0.011), and G3 diseases (HR= 6.31, P= 0.004) were poor prognostic factors for overall survival (Table II) . 
Discussion
To the best of our knowledge, this study is the first to investigate the prognostic role of NLR in PNETs. Using ROC curve, the cut-off value of NLR as a prognostic predictor of patients with PNETs was 2.4. NLR >2.4 was found to be a poor prognostic factor in both univariate and multivariate analyses for patients with PNETs. We also showed that an NLR >2.4 was statistically significantly associated with tumor size >3 cm, TNM stage III or IV, and tumor grade. We demonstrated that NLR is a prognostic marker of patients with PNETs which may predict their clinical outcome and aggressive features. NLR is more widely available and convenient compared with other biomarkers. Therefore, considering its prognostic role in PNETs, NLR may be used to stratify patients with high risk of therapeutic resistance, early recurrence, or metastasis. In addition, NLR has the potential to determine therapeutic strategy, monitor disease progression, and evaluate treatment response.
Mounting evidence has shown that cancer-associated inflammation is a key factor of prognosis in patients with cancer (12) . In a study by Hochwald et al, tumor necrosis was correlated strongly with prognosis in patients with PNETs (10) . Previous findings demonstrated that a higher NLR level was significantly correlated with a larger tumor size, histologic tumor necrosis, and tumor differentiation (20) . In this study, we also showed that NLR was significantly correlated with tumor size, TNM stage, and tumor grade, which are all strongly associated with tumor necrosis.
A variety of markers of systemic inflammation have been evaluated over the past decade for therapeutic response and predicting survival, including NLR, Glasgow prognostic score and its modified version, prognostic index, platelet Only 65 patients followed up <18 months and 1 patient had perioperative death and 10 patients were lost to follow-up, leaving 89 patients for the survival analysis. HR, hazard ratio; CI, confidence interval; NLR, neutrophil-lymphocyte ratio; TNM, tumor-node-metastasis. lymphocyte ratio, and prognostic nutrition index (21, 22) . Of these markers, NLR is a routinely available and promising marker that can be used to assess systemic inflammation and therapeutic responses (13, 21, 22) . For example, Wang et al found that NLR was the only marker of inflammation for prognosis on multivariate analysis and elevated NLR was better than the modified Glasgow prognostic score, prognostic index, platelet lymphocyte ratio, and prognostic nutrition index for prognostication in patients with pancreatic cancer (22) . Another study demonstrated that baseline NLR and NLR, which were used as potential prognostic markers in patients with advanced pancreatic cancer, were altered following treatment with chemotherapy (13). In the current study, we confirm the prognostic role of NLR in patients with PNETs by both univariate and multivariate analyses.
Univariate analysis Multivariate analysis --------------------------------------------------------------------------------------------------------------------------------------------------------------
In addition to specific markers in functioning PNETs, there are general biomarkers used to diagnose and monitor functioning and non-functioning PNETs (23) . Chromogranin A (CgA) is the most widely used biomarker and has been reported to be elevated in 50-80% of patients with PNETs. It is an ideal biomarker used to monitor disease progression for cases with CgA elevation (23) . However, in a study conducted by Sherman et al, no correlation between CgA and survival was found in patients with PNETs in a multivariate analysis (24) . Pancreatic polypeptide is a 36 amino acid protein secreted by endocrine cells located primarily in the pancreatic head and uncinate process, with a low sensitivity of 31% in PNETs (25) . Neuron-specific enolase is a biomarker with a sensitivity of 33% and a specificity of 100% in patients with gastroenteropancreatic neuroendocrine tumors (26) . It is also an independent predictor of survival for patients with advanced G1/2 PNETs undergoing peptide receptor radionuclide therapy (27) . Pancreastatin is a post-translational fragment of CgA peptide and has great sensitivity and specificity for detecting PNETs and correlates with survival (24) . However, although not varying with proton pump inhibitor as CgA, pancreastatin may be affected by insulin and glucose homeostasis (23) . Therefore, NLR has the potential to serve as a supplemental prognostic predictor to these biomarkers.
The current study has several shortcomings. Firstly, despite a relatively large sample size, the retrospective feature of this study may limit its clinical application. Further prospective evidence with large sample size is needed. In addition, NLR is a non-specific marker that could be affected by several confounders, mainly including bacterial inflammation, immunologic response, and anticancer treatments (13) . In addition, the predicting role of NLR in combination with other biomarkers including CgA, pancreatic polypeptide, and neuron-specific enolase was not demonstrated. Furthermore, the dynamics of NLR during treatment and follow-up were not presented in the current study. For cases that underwent curative resection only. NLR, neutrophil-lymphocyte ratio, TNM, tumor-node-metastasis.
In conclusion, baseline NLR is a strong independent predictor of overall survival for patients with PNETs. A high level of NLR has a significant correlation with large tumor size, advanced stage, and high grade. Aberrant elevation of NLR identifies high-risk patients who may require special treatment and close follow-up.
